Structural and energetic factors of the increased thermal stability in a genetically engineered Escherichia coli adenylate kinase.
Several variants of Escherichia coli adenylate kinase, designed to bind a Zn2+ ion, were produced by site-directed mutagenesis. The metal binding and enzymatic properties of the engineered variants have been described (Perrier, V., Burlacu-Miron, S., Bourgeois, S., Surewicz, W. K., and Gilles, A.-M. (1998) J. Biol. Chem. 273, 19097-19101). Here we report the structural properties and stability changes in a 4-Cys variant which binds a Zn2+ ion and has an increased thermal stability. CD studies indicate a very similar secondary structure content in the wild type and the engineered variant. NMR analysis revealed that the topology of the parallel beta-sheet, belonging to the protein core, and of the peripheral antiparallel beta-sheet are also conserved. The small local changes observed in the neighborhood of the substitution sites reflect a more compact state of the metal-binding domain. The Zn2+-bound quadruple mutant shows an increased thermal stability, reflected in a 9 degreesC increase of the mid-temperature of the first cooperative unfolding step. Binding of a bisubstrate analog P1, P5-di(adenosine-5')-pentaphosphate increases, by about 7 degreesC, the midpoint of this transition in both wild type and modified variant. The NMR data suggest that the peripheral domains involved in substrate binding unfold during the first denaturation step. Urea denaturation experiments indicate an increased resistance against chemical unfolding of the Zn2+-binding variant. In contrast, the Gibbs free energy of unfolding (at physiologically relevant conditions) of the quadruple mutant is lower than that of the wild type.